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(54) Controller and control method for motor/generator 



(57) A motor/generator (20) is provided with plural 
groups of coils (6), and inverters (30) supplying a poly- 
phase AC current converted from a DC current to each 
group of coils (6) in response to pulse width modulation 
signals output by a microprocessor (25, 35). The micro- 
processor (25, 35) Is programmed to prevent increases 



in high frequency components in the polyphase AC cur- 
rent by controlling a specific inverter (30) to stop sup- 
plying the polyphase AC current (S20), when a load on 
the motor /generator is smaller than a reference load 
(S12). As a result, energy conversion efficiency of the 
motor/generator at low loads is improved. 
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Description 

FIELD OFTHE INVENTION 

[0001] This invention relates to a controller for a mo- 
tor/generator which drives a plurality of rotors with a sin- 
gle stator coil. 

BACKGROUND OF THE INVENTION 

[0002] Tokkai Hei 1 1 -275826 published by the Japa- 
nese Patent Office in 1 999 discloses a synchronous mo- 
tor/generator which drives a plurality of rotors independ- 
ently by applying composite polyphase alternating cur- 
rents to stator coils. 

[0003] The invention disclosed in Tokkai Hei 
1 1 -275826 is a part of USPat. 6,049.1 52 that was issued 
in the United States after the priority date of this patent 
application. 

[0004] In this motor/generator, the alternating cur- 
rents supplied to the coils are generated by providing 
inverters for each phase of the coils and by supplying a 
pulse width modulation signal (hereafter referred to as 
PWM signal) to the base of a transistor constituting each 
inverter. 

SUMMARY OFTHE INVENTION 

[0005] Since electrical power supplied to each coil is 
equal in this motor/generator, a duty ratio of the PWM 
signal is low when a load on the motor/generator is low. 
That is to say, the pulse width is narrowed. As a result, 
the current applied to the coil comprises numerous high 
frequency components during low load. 
[0006] However high frequency components increase 
core loss in the motor/generator and the conversion ef- 
ficiency from electrical energy to mechanical energy is 
reduced. 

[0007] Further, in this motor/generator, when a part of 
the inverter is malfunctioning, torque generated by the 
rotor is reduced and sometimes the rotor is caused to 
stop. 

[0008] It is therefore an object of this invention to im- 
prove energy conversion efficiency during low load run- 
ning in a motor/generator. 

[0009] It is a further object of this invention to prevent 
reductions in torque generated in the rotor resulting from 
malfunctioning of the inverter. In order to achieve the 
above objects, this invention provides a controller for a 
motor/generator that has a plurality of groups of coils 
and is operated by supplying a polyphase alternating 
current to each of the plurality of groups of coils. The 
controller comprises a plurality of inverters each of 
which converts a direct current into the polyphase alter- 
nating current and supples the polyphase alternating 
current to each of the plurality of groups of coils in re- 
sponse to an input signal. The controller further com- 
prises a sensor which detects a load of the motor/gen- 



erator and a microprocessor programmed to compare 
the load with a reference load, and control the input sig- 
nal to a specific inverter to stop supplying the polyphase 
alternating current when the load is smaller than the ref- 

5 erence load. 

[0010] This invention also provides a method for con- 
trolling a plurality of inverters which drive a motor/gen- 
erator. The motor/generator comprises a group of coils. 
Each of the inverters converts a direct current into a 

10 polyphase alternating current and supplies the poly- 
phase alternating current to each of the plurality of 
groups of coils in response to an input signal. The con- 
trol method comprises detecting a load of the motor/ 
generator, comparing the load with a reference load, 

15 and controlling the input signal to a specific inverter to 
stop supplying the polyphase alternating current when 
the load is smaller than the reference load. 
[0011] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 

20 of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0012] Fig. 1 is a circuit diagram of a controller for a 
motor/generator according to this invention. 
[0013] Fig. 2 is a flowchart of a routine for calculating 
a torque control value Tm executed by a second con- 
troller according to this invention. 

30 [0014] Fig. 3 is a flowchart of a current control routine 
executed by a first controller according to this invention. 
[0015] Fig. 4 is similar to Fig. 2, but showing a second 
embodiment of this invention. 
[0016] Fig. 5 is similar to Fig. 3, but showing the sec- 

35 ond embodiment of this invention. 

[0017] Fig. 6 is a circuit diagram of a controller for a 
motor/generator according to a fourth embodiment of 
this invention. 

40 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Referring to Fig. 1 of the drawings, a motor 
/generator 20 for a hybrid vehicle is driven by four 
45 groups of three-phase alternating currents (hereafter re- 
ferred to as AC currents ) generated by drive circuits 21 , 
22, 23, and 24. The motor/generator 20 is the same as 
the motor/generator 1 disclosed in Figs. 1-4 of USPat. 
6,049,152. 

so [0019] The motor/generator 20 may be schematically 
described as comprising ring-shaped stators provided 
with twelve coils 6. an inner rotor disposed on an inner 
side of the stators and an outer rotor disposed on an 
outer side of the stator. The inner rotor comprises a mag- 

55 net with an S pole in one semicircular section and an N 
pole in another semicircular section. The outer rotor 
comprises a magnet with two S poles and two N poles. 
These four poles are disposed alternately in intervals of 
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90 degrees. This invention may be adapted to other 
types of motor/generators using a plurality of groups of 
three-phase AC currents. 

[0020] The twelve coils 6 of the motor/generator 20 
are disposed at equal angular intervals and a single 
group is comprised by three coils 6 arranged at 1 20-de- 
gree intervals. Four groups result from this arrange- 
ment. Each group of coils 6 is connected to drive circuits 
21 , 22 : 23 ; 24 and a three-phase AC current is supplied 
to each group of coils 6 from the drive circuits 21 , 22, 
23, 24. 

[0021] The drive circuits 21 , 22 ; 23, 24 have the same 
structure. The drive circuit 21 is provided with an inverter 
30, a temperature sensor 33, a first controller 35, a P WM 
control circuit 36 : a voltage step up control circuit 37, a 
regeneration control circuit 38, a gate circuit 39 and a 
voltage step up converter 7. 
[0022] The voltage step up converter 7 comprises a 
reactor L1 , transistors Tr1 , Tr2, diodes D1 , D2 and a ca- 
pacitor C1. An output signal from the voltage step up 
control circuit 37 is output through the gate circuit 39 
and is input into the base of the transistor Tr1 . This sig- 
nal switches the transistor Tr1 between an ON and OFF 
position. When in the OFF position, a high voltage is 
generated by the battery 40 in the reactor L1 . The volt- 
age step up converter 7 outputs a high voltage current 
in response to the output signal of the voltage step up 
control circuit 37 by storing this electrical energy in the 
capacitor C1 . Higher voltages are obtained by reducing 
the ON and OFF alternation cycle of the transistor Tr1 . 
The output voltage of the voltage step up converter 7 is 
applied to the inverter 30. 

[0023] The inverter 30 is provided with two diodes and 
two transistors in each of three phases. A fixed AC cur- 
rent is generated by the two transistors repeating ON 
and OFF positions in reverse phases in response to re- 
verse-phase PWM signals output from the PWM control 
circuit 36. The inverter 30 varies the voltage driving the 
motor/generator 20 in response to variations in the out- 
put voltage of the voltage step up converter 7. Thus al- 
though a standard PWM control inverter is used, it is 
possible to perform voltage control with an accuracy 
similar to that obtained by pulse amplitude modulation. 
[0024] The motor/generator can be driven by the ro- 
tational energy of the vehicle drive wheels. That is to 
say, when the vehicle is decelerating, the electrical pow- 
er generated by the motor/generator 20 is regenerated 
to the battery 40 through the transistorTr2 by switching 
the transistor Tr2 to an ON position with a signal from 
the regeneration control circuit 38. The reactor L1 re- 
duces noise in the regenerated current supplied to the 
battery 40. 

[0025] The output current Ip of the inverter 30 is input 
to the motor /generator 20. It is also input to the first 
controller 35 through an amplifier 31 . 
[0026] A temperature detected by the temperature 
sensor 33 is input to the first controller 35 through an 
amplifier 34. A signal from the motor rotation position 



sensor 26 which detects the rotation position of the mo- 
tor/generator 20 is input to the first controller 35 through 
an amplifier 29. The output voltage from the voltage step 
up converter 7 is input to the first controller 35 through 

5 an amplifier 32. 

[0027] The first controller 35 controls the PWM control 
circuit 36, the voltage step up control circuit 37 and the 
regeneration control circuit 38 based on the rotation po- 
sition of the motor/generator 20, the temperature of the 

10 inverter 30 the output voltage of the voltage step up con - 
verier 7, the output current of the inverter 30, and a sig- 
nal output from a second controller 25. The gate circuit 
39 switches the output signal so that signals from the 
voltage step up control circuit 37 and the regeneration 

15 control circuit 38 are not output simultaneously. The de- 
tected temperature from the temperature sensor 33, the 
output voltage from the voltage step up converter 7, and 
the output current from the inverter 30 are input into the 
second controller 25 through the first controller 35 to- 

20 gether with the rotation position of the motor/generator 
20. 

[0028] The structure of the other drive circuits 22, 23, 

24 is the same as that of the drive circuit 21 described 
above. 

25 [0029] The first controller 35 and the second controller 

25 respectively comprises a microcomputer provided 
with a central processing unit (CPU), a read-only mem- 
ory (ROM), a random access memory (RAM) and an 
output interface (I/O interface). 

30 [0030] A signal from a rotation speed sensor 27 which 
detects a rotation speed of the motor/generator 20 is 
input to the second controller 25 through an amplifier 
28. A signal indicating the presence or absence of an 
abnormality in the inverter 30 in each drive circuit 21 , 

35 22, 23. 24 is input to the second controller 25 from the 
first controller 35 of each drive circuit 21 , 22, 23, 24. 
[0031] The second controller 25 calculates and out- 
puts a torque control value to the first controller 35 of 
each drive circuit 21 , 22, 23, 24 based on the above sig- 

40 nals and a torque command signal Tq given from the 
outside. The torque command signal Tq is determined 
by a vehicle controller 10 based on a vehicle accelerator 
pedal depression amount detected by an accelerator 
pedal depression amount sensor 8 and a vehicle speed 

45 detected by a vehicle speed sensor 9. 

[0032] Fig. 2 shows a torque control value calculation 
routine executed by the second controller 25. This rou- 
tine is executed at intervals of 10 milliseconds, for ex- 
ample. 

50 [0033] Firstly in a step S1 0, the second controller 25 
reads a torque command signal Tq. A number A/of ab- 
normalities representing the total number of abnormally 
functioning inverters 30 is counted up based on the ab- 
normality signal input from each first controller 35. 

55 [0034] Then in a step S11 , it is determined whether or 
not the number N of abnormalities is less than or equal 
to 2. When N is greater than 2, that is to say, when for 
example three or four inverters 30 are malfunctioning, 
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the routine proceeds to a step S17. In the step S1 7, the 
operation of all inverters 30 is terminated by outputting 
a torque control value Tm=0\o all drive circuits 21 , 22, 
23, 24. The second controller 25 warns a driver of the 
vehicle that the inverters 30 are not functioning by out- 5 
putting a warning signal AL to for example turn on a 
warning light provided on an instrument panel of the ve- 
hicle. On completion of the step S17, the routine is ter- 
minated. 

[0035] When the number of abnormalities is less than 10 
or equal to 2 in the step Sll, the routine proceeds to a 
step S12. In the step S12, it is determined whether or 
not the torque command signal Tq is smaller than a first 
fixed torque T1. 

[0036] When Tq is smaller than T1, the routine pro- >5 
ceeds to a step S 14. 

[0037] In the step S14, after a number M of inverters 
30 to be operated is set to two, the routine proceeds to 
a step S18. The reason why the number M of inverters 
30 to be operated is limited to two is because it is pos- 20 
sible to generate a torque corresponding to the torque 
command signal 7gby operating two inverters 30 since 
the torque command signal Tq is small. When the 
number N of abnormalities is less than or equal to two, 
at least two of the inverters 30 of the drive circuits 21 , 25 
22, 23, 24 normally functioning Thus when the number 
Nof abnormalities is less than or equal to two in the step 
S11 , it is possible to operate two inverters 30 normally. 
[0038] In a step S12, when the torque command sig- 
nal Tq is greater than or equal to a first fixed torque T1 , 30 
the routine proceeds to a step S13. 
[0039] I n the step SI 3. it is determined whether or not 
the torque command signal To; is smaller than a second 
fixed torque 72. The second fixed torque 72 is set to a 
value which is greater than the first fixed torque T1. 35 
[0040] When Tq is smaller than 72, the routine pro- 
ceeds to a step S15. 

[0041] In the step S15, the routine sets the number M 
of inverters 30 to be operated to three and proceeds to 
a step S18. When the torque command signal Tq is *o 
greater than or equal to the second fixed torque 72 in 
the step S13, the routine sets the number Mot inverters 
30 to be operated to four in a step S1 6 and proceeds to 
the step $18. 

[0042] In the step S18 : it is determined whether the 45 
number of normally functioning inverters 30 is greater 
than or equal to a number M of inverters 30 to be oper- 
ated. The number of normally functioning inverters 30 
is obtained by subtracting the number N of abnormally 
functioning inverters 30 from the total number of four in- so 
verters 30. 

[0043] When the result of the determination in the step 
S18 is affirmative, the routine proceeds to a step S19 
and selects the inverters 30 to be operated. Then in a 
step S20, a torque control value Tm of each inverter 30 ss 
to be operated is set using equation (1 ). The torque con- 
trol value Tm of non-selected inverters 30 is set to zero 
and after the torque control value Tmis respectively out- 



put to the drive circuits 21 , 22, 23, 24, the routine is ter- 
minated. 

Tm= Tq/M (1) 

[0044] When the result of the determination in the step 
S18 is negative, the routine proceeds to a step S21. 
Here the torque control value of each inverter 30 to be 
operated is set using equation (2). The torque control 
value Tm of non-selected inverters 30 is set to zero and 
after the torque control value 7m is respectively output 
to the drive circuits 21 . 22, 23, 24, the routine is termi- 
nated. 

Tm = Tq/(4-N) (2) 

[0045] Based on the torque control value Tm input 
from the second controller 25, the first controller 35 in 
each of the drive circuits 21, 22, 23 : 24 executes the 
current control routine shown in Fig. 3.. This routine is 
executed at intervals of 1 millisecond, for example. 
[0046] Firstly in a step S40, the temperature of the in- 
verters 30, the output voltage of the voltage step up con- 
verter 7 applied to the inverters 30, the output current 
Ip of the corresponding inverter 30, the rotation position 
of the motor/generator 20 and the torque control value 
Tm calculated by the second controller 25 are read. 
[0047] In a step S41 , it is determined whether or not 
there is an abnormality in the corresponding inverter 30 
by comparing the temperature of the inverter 30 with a 
fixed temperature. 

[0048] When an abnormality is detected in the inverter 
30, the routine proceeds to a step S49. When there is 
no abnormality detected in the inverter 30. the routine 
proceeds to the step S42. 

[0049] In the step S42, a target current Im is calculat- 
ed using equation (3) based on the torque control value 
Tm input from the second controller 25. 

lm=ITmhK1 (3) 
where, K1 = coefficient. 

[0050] In a step S43, it is determined whether the re- 
lationship of the target current Im and the actual output 
current / of the inverters 30 satisfies equation (4). 

Im-K2<t<lm(1 +K2) (4) 

where, K2- coefficient smaller than one. 
[0051] When the actual output current / of the inverter 
30 is outside of the above range, it is determined that 
there is an abnormality in the inverter 30 and the routine 
proceeds to a step S49. 

[0052] When the inverter 30 is malfunctioning ! it is of- 
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ten the case that the actual output current / is zero or 
near to zero. Malfunctions almost never result in values 
which are well above the target current Im. Thus equa- 
tion (5) may be used in place of equation (4) to perform 
the determination in the step S43. 

Im-K2<l<lm+ K2 (5) 

[0053] As shown above, temperature and current may 
be used in the routine in order to determine an abnor- 
mality in the inverters 30. However it is also possible to 
use a voltage value as a parameterto determine abnor- 
malities. 

[0054] When the relationship of equation (2) in the 
step S43 is satisfied, the routine proceeds to a step S44. 
[0055] In the step S44, it is determined whether or not 
the torque control value Tm is negative. The torque con- 
trol value Tm takes negative values when the motor/ 
generator 20 is functioning as a generator. In this case, 
the routine proceeds to a step S46 and performs control 
of the regeneration control circuit 38 in order to store 
generated electricity from the motor/generator 20 in the 
battery 40 by outputting a signal to the regeneration con- 
trol circuit 38. After completion of the step S46, the rou- 
tine proceeds to a step S47. 

[0056] If the torque control value Tm does not take a 
negative value, the routine proceeds to a step S45 and 
raises the output voltage of the voltage step up convert- 
er 7 in response to a torque control value Tm in order 
drive the motor/generator 20 as a motor by outputting a 
signal to the voltage step up control circuit 37. After com- 
pletion of the step S45, the routine proceeds to a step 
S47. 

[0057] In the step S47, vector calculation oftheoutput 
current of the drive circuits 21 (22, 23, 24) is performed. 
Vector calculation comprises calculating a torque com- 
ponent current from the rotation speed and the torque 
control value Tm of the motor/generator 20. The mag- 
netic component current is calculated from the torque 
component current and the torque control value Tm. 
[0058] In a following step S48, feedback calculation 
of the PWM signal is performed based on the actual out- 
put current / and these component currents. A signal 
corresponding to the calculation result is output to the 
PWM control circuit 36 and the routine is terminated. 
[0059] The processing performed in steps S45 - S48 
corresponds to the control of a normal motor/generator 
as disclosed in Tokkai Hei 10-28304 published by the 
Japanese Patent Office in 1998 ; and Tokkai Hei 
11-356099 and Tokkai Hei 11-356100 published by the 
Japanese Patent Office in 1999. 
[0060] In the step S41 or the step S43, when it is de- 
termined that there is an abnormality in the converter 
30, the routine proceeds to the step S49. In the step 
S49, the routine terminates the signal output to the volt- 
age step up control circuit 37, the regeneration control 
circuit 38 and the PWM control circuit 36 and outputs an 



abnormality signal which notifies the second controller 
25 of an abnormality in the inverter 30 . After the process- 
ing of the step S49, the routine is terminated. 
[0061] The control routine of the second controller 25 

5 varies the number of inverters 30 to be operated in re- 
sponse to the magnitude of the torque command signal 
Tq. As a result, the number of inverters 30 to be oper- 
ated is reduced at low toads and the load allocated to 
each of the inverters 30 during operation is increased. 

io That is to say : since the duty ratio of the PWM signal for 
driving each inverter 30 during low load is increased, 
high frequency components in the current applied to the 
coils 6 are reduced. As a result, the core loss of the mo- 
tor/generator 20 is reduced. 

15 [0062] On the other hand, when the number of non- 
operating inverters 30 is increased, the switching loss 
of the inverters is reduced. Therefore the application of 
this routine allows improvements in the energy efficien- 
cy of the motor/generator 20 when operating at low 

20 loads. 

[0063] Furthermore since normally functioning invert- 
ers 30 are operated by the torque control value Tm de- 
termined in response to a number N of abnormalities, 
when any one of the inverters 30 develops an abnor- 

25 mality, continuous operation of the motor/generator 20 
is possible without reductions in generated torque. 
[0064] Fig. 4 shows a control routine executed by the 
second controller 25 according to a second embodiment 
of this invention. 

30 [0065] In this embodiment, the second controller 25 
executes the routine shown in Fig. 4 instead of the con- 
trol routine shown in Fig. 2. This routine is executed at 
interval of 10 milliseconds, for example. 
[0066] In the control routine shown in Fig. 2, when the 

35 number N of abnormalities is greater than two, that is to 
say, when the number of inverters 30 with detected ab- 
normalities is three or four, the torque control value for 
all the inverters 30 is set to zero and the operation of 
the motor /generator 20 is not performed. 

40 [0067] In the control routine according to this embod- 
iment, when the number N of abnormalities is greater 
than three, that is to say, when abnormalities are detect- 
ed in all the inverters 30, similar processing as the above 
is performed. In other words, if there is at least one nor- 

45 malty functioning inverter 30, the routine is programmed 
to continue operation of the motor/generator 20. 
[0068] In order to materialize this criterion, the control 
routine as shown in Fig. 4 provides a step S11 A instead 
of the step S11 in Fig. 2. Furthermore, steps S13A and 

50 S1 4A are added to the routine. The other steps are iden- 
tical to those of the routine of Fig. 2 and designated by 
the same reference numerals in Fig. 4. 
[0069] In the step S11A, it is determined whether or 
not the number N of abnormalities is less than or equal 

ss to three. In the step SUA, the number M of inverters 30 
to be operated is set to one. In the step S13A, the torque 
command signal Tq and a third fixed torque 73are com- 
pared and on the basis of this result, the number M of 
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inverters 30 to be operated is set to 3 or 4. The third 
fixed torque T3 is set to a larger value than the second 
fixed torque 12. 

[0070] In this embodiment, if at least one inverter 30 
is operating normally, the operation of the motor/gener- 
ator 20 is continued. The values of the number M set 
when the torque control value Tm is smaller than the 
first fixed torque T1 and the value of the number M set 
when the torque control value Tm is smaller than the 
second fixed torque 72are smaller than the correspond- 
ing values for /Win the first embodiment. Thus the values 
of the first fixed torque T1 and the second fixed torque 
T2 used in this embodiment are smaller than the values 
used in the first embodiment. 
10071] Fig. 5 shows a control routine executed by the 
second controller 25 according to a third embodiment of 
this invention. 

[0072] In this embodiment, the second controller 25 
executes the control routine shown in Fig. 5 instead of 
the control routine shown in Fig. 2. This routine is exe- 
cuted at interval of 10 milliseconds, for example. 
[0073] In the control routine shown in Fig. 5, when the 
number N of abnormalities is greater than one, that is to 
say, when the number of inverters 30 with detected ab- 
normalities is two or more, the torque control value for 
all the inverters 30 is set to zero and the operation of 
the motor /generator 20 is not performed. Operation of 
the motor/generator 20 is performed only when the 
number of normally operating inverters 30 is greater 
than three. 

[0074] In orderto materialize this criterion, the control 
routine shown in Fig. 5 provides a step S11B instead of 
the step S11 in Fig. 2. Furthermore the steps S13 and 
S14 in Fig. 2 are omitted from the routine. The other 
steps are identical to those of the routine of Fig. 2 and 
designated by the same reference numerals in Fig. 5. 
[0075] In the step S11B, it is determined whether or 
not the number N above is less than or equal to one. In 
the step S 12, when the torque control value 7m is great- 
er than or equal to the first fixed torque T1, the number 
M is set to 4 in the step S16. When the torque control 
value is less than or equal to the first fixed torque T1 the 
number M is set to 3 in the step S15. 
[0076] In this embodiment, the number Mwhich is set 
by the routine when the torque control value Tm is small- 
er than the first fixed torque T1 is greater than the 
number M set by the routine under the same conditions 
in the first embodiment. Thus the first fixed torque T1 
used in this embodiment is set to a larger value than that 
used in the first embodiment. 
[0077] As shown in the first to third embodiments, it is 
possible to operate an arbitrary number of inverters 20 
with respect to a number N of abnormally operating in- 
verters 30 in response to the operating conditions of the 
motor/generator 20. 

[0078] A fourth embodiment of this invention will now 

be described referring to FIG. 6. 

[0079] All of the first to third embodiments above are 



applied to a motor/generator 20 driven by a twelve- 
phase AC current using four types of three-phase AC 
current. However this embodiment is applied to a motor/ 
generator 20 driven by a nine-phase AC current using 

5 three types of three-phase AC current which results in 
one fewer drive circuit 21, 22. 23 as shown in FIG. 6 
than in the first to third embodiments. 
[0080] In this way ; this invention maybe applied to the 
control of a motor/generator that runs with a plurality of 

io polyphase AC currents. 

[0081 ] The contents of Tokugan Hei 1 1 -33535 1 , with 
a filing date of November 26, 1 999 in Japan and US Pat. 
6,049,152 (Application No. 09/275,785) are hereby in- 
corporated by reference. 

15 [0082] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 

20 in the art, in light of the above teachings. 



Claims 

25 1. A controller for a motor/generator (20), the motor/ 
generator (20) having a plurality of groups of coils 
(6) and being operated by supplying a polyphase 
alternating current to each of the plurality of groups 
of coils (6), the controller comprising: 

30 

a plurality of inverters (30) each converting a 
direct current into the polyphase alternating 
current and supplying the polyphase alternat- 
ing current to each of the plurality of groups of 
35 coils (6) in response to an input signal; 

a sensor (8, 9, 10) which detects a load of the 
motor/generator; and 

40 a microprocessor (25, 35) programmed to: 

compare the load with a reference load 
(S12, S13, S13A); and 
control the input signal to a specific inverter 
45 (30) to stop supplying the polyphase alter- 

nating current when the load is smaller 
than the reference load (S20). 

2. The controller as defined in Claim 1 , wherein the 
50 controller further comprises a sensor (31 , 33, 34) 
which detects an abnormality in each inverter (30), 
and the microprocessor (25, 35) is further pro- 
grammed to control the input signal to an abnormal 
inverter (30) that has an abnormality to stop supply- 
55 ing the polyphase alternating current while control- 
ling the input signal to a normal inverter (30) that 
has not the abnormality to raise an output voltage 
of the normal inverters (30) (S21). 
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3. The controller as defined in Claim 2, wherein each 
of the inverters (30) is provided with a voltage step 
up converter (7) which raises a voltage of a direct 
current supplied to a corresponding inverter (30), 
and the microprocessor (25, 35) is further pro- 
grammed to control a voltage step up converter (7) 
corresponding to the normal inverter (30) to in- 
crease a voltage of the direct current supplied to the 
normal inverter as a number of abnormal inverters 
(30) increases (S21). 

4. The controller as defined in Claim 3. wherein the 
microprocessor (25, 35) is further programmed to 
calculate a torque control value by dividing a target 
torque corresponding to the load by a number of the 
normal inverters (30)(S21), calculate a target cur- 
rent based on the torque control value (S42), and 
control a normal inverter (30) via the corresponding 
voltage step up converter (7) to supply the poly- 
phase alternating current equal to the target current 
(S45). 

5. The controller as defined in Claim A wherein the 
microprocessor (25, 35) comprises a first micro- 
processor (35) and a second microprocessor (25) 
wherein the first microprocessor (35) is provided on 
each inverter (30) and is programmed to calculate 
the target current based on the torque control value 
(S42), control the corresponding inverter (30) via 
the corresponding voltage step up converter (7) to 
supply the polyphase alternating current equal to 
the target current (S45), and the second microproc- 
essor (25) is programmed to count the number of 
the normal inverters (30) based on an output of the 
abnormality detecting sensor (31 . 33. 34), calculate 
the torque control value by dividing the target torque 
by the number of the normal inverters (30), and out- 
put the torque control value to the first microproc- 
essor (35) (S21). 

6. The controller as defined in Claim 5. wherein the 
controllerf urther comprises a battery (40) supplying 
a direct current to each of the voltage step up con- 
verters (7), each of the voltage step up converters 
(7) comprises a voltage step up control circuit (37) 
which controls a current applied to the inverters (30) 
from the battery (40) via the voltage step up con- 
verter (7), and a regeneration control circuit (38) 
which controls a current applied to the battery (40) 
from the inverter (30) via the voltage step up con- 
verter (7), and the first microprocessor (35) is fur- 
ther programmed to determine whether or not the 
torque control value is negative (S44) and selective- 
ly activating the regeneration control circuit (38) and 
the voltage step up control circuit (37) according to 
a result of determination ((S45, S46). 

7. The controller as defined in Claim 2. wherein the 



abnormality detecting sensor (31 , 33, 34) compris- 
es a sensor (33) which detects a temperature of 
each inverter (30) and the microprocessor (25.. 35) 
is further programmed to determine the abnormality 
5 of each inverter (30) by comparing the temperature 
of each inverter (30) with a reference temperature. 

8. The controller as defined in Claim 2, wherein the 
abnormality detecting sensor (31 , 33, 34) compris- 

10 es a sensor (31 ) which detects an output current of 
each inverter (30). and the microprocessor (25, 35) 
is further programmed to determine the abnormality 
of each inverter (30) by determining whether or not 
the output current of each inverter (30) is in a fixed 

15 range. 

9. A controller for a motor/generator (20) : the motor/ 
generator (20) having a plurality of groups of coils 
(6) and being operated by supplying a polyphase 

20 alternating current to each of the plurality of groups 
of coils (6), the controller comprising: 

a plurality of inverters (30) each converting a 
direct current into the polyphase alternating 
25 current and supplying the polyphase alternat- 

ing current to each of the plurality of groups of 
coils (6) in response to an input signal; 
means (8, 9, 10) for detecting a load of the mo- 
tor/generator; 

30 means (25, 35, S12, S13, S13A) for comparing 

the load with a reference load; and 
means (25, 35, S20) for controlling the input 
signal to a specific inverter (30) to stop supply- 
ing the polyphase alternating current when the 

35 load is smaller than the reference load. 

10. A control method of a plurality of inverters (30) 
which drive a motor/generator (20), the motor/gen- 
erator comprising a plurality of groups of coils (6) 

40 and each of the inverters (30) converting a direct 
current into a polyphase alternating current and 
supplying the polyphase alternating current to each 
of the plurality of groups of coils (6) in response to 
an input signal, the method comprising: 

45 

detecting a load of the motor/generator; 
comparing the load with a reference load; and 
controlling the input signal to a specific inverter 
(30) to stop supplying the polyphase alternating 
so current when the load is smaller than the refer- 

ence load. 
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